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The functions of the Hippo signaling pathway in immune cells 
Shujuan Yu, Jing Geng, Lanfen Chen 
School of Life Sciences, Xiamen University, Xiamen 361102, China 
Abstract: The Hippo signaling pathway, first identified in Drosophila, has emerged as a critical regulator for con-
trolling the size of organs. Activation of the Hippo signaling pathway negatively regulates the Yorkie ortholog YAP in 
multiple organs, important in the regulation of cell proliferation, differentiation, and apoptosis during development. 
The Serine/Threonine protein kinases MST1 and MST2, mammalian homologs of the Drosophila Hippo kinase, 
play central roles in the Hippo signaling pathway in mammals. Recent studies reveal that non-canonical Hippo sig-
naling pathways are also involved in the regulation of various other biological processes, particularly the important 
roles of MST1 and MST2 kinases in immune cell activation, adhesion, migration, growth, and apoptosis. In this re-
view, we summarize the recent advances in understanding the roles of MST1 and MST2 kinases in the regulation of 
the functions of T lymphocytes and innate immune cells. 
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Hippo ?????????????????
??????????????????????
?????????Hippo???????????
????(Drosophila)?????????????
?? Hippo (Hpo)?Warts (Wts)?Salvador(Sav)??
Mats????????????????????
??????????????????????
??????????? Yorki (Yki)??????
TEAD/TEF??????? Scalloped (Sd)?????
???????????????? [1~7]????
Hippo?????????????????(Hpo?
Wts?Sav? Mats)???????? Yki?????
?????????????? MST1/2?LATS1/2?
SAV1?MOB1A/B? YAP/TAZ[8~14]????? Hippo
??????MST1/2? LATS1/2?? Hippo???
???????????? WW45???????
???????? LATS1/2???? LATS1/2 ??
????YAP/TAZ??? 14-3-3????????
??????????????????????
?????????????????????
Hippo ???????????????????
YAP/TAZ ????????????? TEADs ?
??????????????????????
??(Mus musculus)???????? Mst1? Mst2
?????????[15]??? MST1? MST2??
???????????Mst1 ? Mst2 ?????
???????????????????[16]??
?????????????????? Mst1 ?
Mst2????????????????????
Hippo????????[15,17~22]?????????
?? Mst1 ? Mst2 ??????? 2 ??????
?????????????????? 
?????????????? YAP????
??????????????????????
?????? MST1/2 ?????? Hippo ???
???????????????? MST1/2 ??
??????? FOXO1(Ser212)/FOXO3(Ser207)?
?? FOXO1/3? 14-3-3???????? FOXO1/3
?????[23,24]???????????MST1 ?
????? FOXO1/3 ???????? DNA ??
??????????????????????
???MST1 ??? FOXO1/3 ????????  
?[24,25]??? T????MST1??? FOXO1/3?
???????????????????[26,27]?
??????????????????????
????????????????? Mst1/2 ??
??????????????????????
???? Hippo ???????????????
??????????? Hippo ????????
?????????????????(? 1)? 
????????????????????
??????????????????????
??????????????????????
?????????????????????Hippo
???????????? MST1/2?MOB? NOR-
E1B ????????????????????
???????[16]??????????????
??? Mst1/2????????????????
?????[28]??? Basile ????? Klein ??
??????????????? Mst1 ????
?????????????????[27,29]???
??????????????????????
??????????????????????
??????????????????????
?????????????????? Hippo ?
??????????????????????
??? Hippo ????????????????
?????????? T ???????????
??????????????? 
1  Hippo????? T??????? 
?????????????????????
T?????????????????T????
?????????????????????? 
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DP T?????????????????????
SP????? Mst1/Mst2fl/fl Vav-Cre??????
????????????????????
MST1/2??? SP???? Qa-2hiCD24lo?????
????????????? T ????????
??????????? SP ????? Qa-2hi 
CD24lo ???????? SP ???????? T
?????????????? MST1/2 ????
? T???????????????[28]????
MST1/2 ???? T ?????????????
??????????????????????
???? RAP1-PALP-MST1??????? T??
??????????????????Mst1??
???????????? LFA-1 ? ICAM-1 ??
??????????????????????
???????? T ?????????????
?????????[31]? 
MST1 ??? T ??? T ????(T cell re-
ceptor, TCR)????????????????
??? T ???MST1 ?? T ?????????
?????????????? Mst1??????
?????????/?? T??????????
T ??????? AnnexinV ???[16]?????
TCR???????? CD4+ T?????MST1?
?? CD4+ T???????????? IL-2?IFN
? IL-4????[16]?Du?[30]????? Mst1??
????? IL-2?IFN?IL-4? IL-17??? CD4+ 
T ?????????????????????/
?? T ????MST1 ??????????? T
???????? MST2 ???????????
??? MST1 ????? T??????????
??????????? MST1 ???????T
????????????[16]? 
? T????? Mst1????? MOB1A/B?
??????????? LATS1/2 ???????
?????????????????? Hippo ?
??????????? YAP??????[16]??
??Tang?[32]? MST1???? LATS1/2????
????? NDR1/2 (nuclear Dbf2-related 1/2)??
?????????? NDR1/2 ????????
?????? T ???????????????
??????????????????? MST1
?????????????????Cornils?[33,34]
?????????????????? Fas ??
?DNA????????????NDR1????
??????? Ndr1?????????????
??? T???????? NDR1??? T???
???????????NDR?????????
??????????????????????
??????????? LATS1/2????? Hippo
?????????? Yap ??????????
?[10,35]?? NDR1/2 ?????????????
??????????????????????
???[36,37]????????????? c-Myc ?
???????????? NDR1/2 ??????
p21 ?????????????????[33,38,39]?
???MST1???? MOB1A/B? NDR1/2???
??????? Hippo ??????????? T
????????? 
2  T???????? 
??? LFA-1(?? CD11a/CD18 ?L2)??
? T ????????????????????
?????MST1 ? LFA-1 ??????????
???????[40]??? MST1 ????????
??????????????????????
??????????????????????
?[28,41,42]?????????? CD4+??????
???????????? LFA-1 ? ICAM-1 ??
? T ????????????????????
?? T??????????????[31]??MST1
????????(dendritic cells, DC)?????
???????????????[42]? 
?????? TCR?????LFA-1????
??????????????? αL??RAPL?
??????????????????????
??[43]?RAPL ?? MST1 ??? T ?????
LFA-1????????RAP1-RAPL-MST1???
???????? T ?????????[40,42,44]?
??????RAB13???? MST1??????
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?????????? RAPL ?? MST1 ????
???RAB13????????????????[44]?
??????????MST1 ???????
DENND1C?RAB13 ???????? (guanine 
nucleotide exchange factors, GEFs)??? RAB13?
MST1???? RAB13????????? LFA-1
????????????????MST1 ???
? VASP(vasodilator-stimulated phosphoprotein)??
?????? F-actin?????? VASP????
??? RAB13??? LFA-1????????[45]?
MST1 ?????????????? Myosin ?a
????????????? LFA-1??? T??
??????[46]?????????? TCR????
RAP1-RAPL ????? MST1?MST1 ?????
?? RAB13??? F-actin?????? RAB13?
?? LFA-1 ?????????????????
??????????????????????
??????MST1???RIAM?Kindlin-3?Talin
??? LFA-1??????????? CCR7?
?? LFA-1?????? T????????[47]? 
???????????? MST1/2??? SP
???????????????? GTPase???
RhoA ? RAC ????????????????
????[28]??????????? GEFs?? DO-
CK2(dedicator of cytokinesis protein 2)? DOCK8??
????? RAC1/2????????DOCK2??
???? T ?????????????????
???? RAC1/2 ?????????[28]????
????????DOCK2??MST1/2?????
????? DOCK8 ????? MST1/MST2 ? T
??????????????????? MST1
? MST2?????????? MOB1A/B????
? DOCK8 ??? RAC1 ???????????
??? T????[28]? 
3  Hippo????? T????????? 
???????MST1/2???? T??(Treg)
?????? T ??(Th)???????????
??????Mst1/2 ?????????????
?????????????????[30,48]???
????????? Mst1?????????Treg
?????????????????? Mst1??
???????????Treg ?????????
????????????Treg ????????
?????????????? Mst1???? T?
????????[30,31]?? Treg????????
??MST1????? TGF-?? CD4+?? T??
????? Treg ???????MST1 ?????
??? Treg??????Mst1−/− Treg??????
?????????????????????
TCR ??? T ?????[30,49]?MST1 ?????
???????? FOXO1/3??????????
????? AKT??? AKT??? FOXO1/3??
?????? FOXO1/3????????????
? FOXP3???Treg??[30]??Mst1−/−?Treg??
FOXO1/3??? FOXP3?????? Mst1???
?? Treg???????????????????
Li ?[50]????? MST1 ?????? Sirt1 ??
???? FOXP3 ??????????? FOXP3
??????????????????????
????? Mst1 ??? Treg ?????????
DC????????? Mst1?? Treg? DC??
?????? DC ??????? CD86 ????
?????? Treg??????????????
??? LFA-1????????????[49]???
????MST1???? Treg?????????
?????? Mst1 ??? Treg ????????
???????????????????? Mst2
????? Treg ??????????? Mst1/2
????????? Treg ???? Mst1 ????
??????????? MST1? Treg?????
????????? MST2 ??????????
? MST1???[30]? 
????????MST1?????? DC??
??? T?????? Th17????????[51]?
MST1? DC?????????? DC?????
??? Mst1????? CD11c+????? CD11b+ 
CD11c+? CD8+CD11c+????????????
?????? DC ???????????? LPS
???????????MST1?????? DC?
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??? MHCII?CD80?CD86 ?????????
? Mst1??????????DC?? Mst1???
???????????????????????
?????????????(experimental autoim-
mune encephalomyelitis, EAE)??? MST1 ???
DC??? Th17???????????? Th1?
??????????????MST1??? DC?
???? T ??????????? Th1(IFN+)?
Th2(IL-4+)? Treg(FOXP3+)???????????
? Th17(IL-17+)??????DC?? MST1???
?????? Th17??????????????
??????MST1 ???? P38 ????? DC
? IL-6?????? MST1???? DC? IL-6?
????????MST1??? DC???????
?? T ?? IL-6R? IL-6R?????? IL-6R- 
p-STAT3 ????????? DC ????? IL-6
? Mst1???? MST1 ??? DC ???? Th17
??????[51]?????????????? T
???????? Mst1/2 ??? (Mst1fl/flMst2fl/fl 
OX40-Cre)??Th17??????????? Treg?
???????????? T ??? MST1/2 ??
?? T ???????????????????
????????????? TAZ??? Treg??
? Th17 ?????????????[52]?TAZ ?
????????????CD4+??T?????
Th17 ???????????????????
TAZ?? RORt???????????? FOXP3
????????? FOXP3????????TH17
???????? Treg?????[52]??????
????? T ????? Treg ????TEAD1 ?
?????????? TAZ ? TEAD1 ?????
??????????? TAZ ? RORt ? FOXP3
???????? TEAD1 ????????? T
????? Treg?????[52]?  
4  Hippo??????????????? 
????????MST1/2(Hippo)??????
??????????????????????
?????????????????????
TLR1/2/4???? Hippo???????? MST1/2
??????????? PKC????????
RAC??????? NADPH?????????
???????????????????(Reac-
tive oxygen species, ROS)????????????
?[48]?Li?[53]???????????MST1? IRA-
K1 ???????? IRAK1 ??? IRAK1 ???
???? TLR4/9 ??????? IL-6 ?????
????? TLR3/4 ??? IFN-???????
MST1???????????? TLR3/4/9???
????????????????????Meng
?[54]??? MST1????? MST2??????
?????????????????MST1 ??
????? IRF3 ????????? 75 ? 253 ?
???????? IRF3??? DNA??????
????????????? RNA ?????
TBK1?????????????? IRF3????
?? MST1 ?????????????????
?????????????(M. tuberculosis)??
????TLR2?? IRAK1/4??????MST1/2?
???????? CXCL1? CXCL2??????
??????? IRAK1 ? IRAK4 ?????
MST1/2????????? MST1???????
?????? IRF3 ??? CXCL1 ? CXCL2 ??
?????????? LATS1???[55]? 
????????????????? Hippo
??????????? Yki ??? Cactus(IB ?
???)?????????????(??????
?)????Hippo ???????? Yki ????
? Cactus? mRNA??????????????
???????????????????[56]??
??????????????????????
???(PolyQ)????????????????
?????PolyQ ??????????????
???????? Yki???? Relish? Cactus?
?? IMD? Toll???????????????
????????Hippo ???????????
?????????????????[57]? 
5  ????? 
????? Hippo ????????????
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??? Hippo ????????????????
??????????????????????
MST1 ???????????????????
?????????????????? MST1 ?
???????????????????Hippo
????????????????? MST1 ?
MST2 ? T ????????????MST1 ? B
??????????????????? Mst1
??????????? B ??????????
? B ??????????????Hippo ???
??????????????????????
??????????? Hippo ????????
???????????????????????? 
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